1. Introduction
===============

CD200 is an immunosuppressive protein that inhibits immune responses through its receptor. It is distributed on a broad range of cell types (including B-cells, activated T-cells, and kidney cells, Table [1](#T1){ref-type="table"}), while the CD200 receptor (CD200R1) is mainly expressed on myeloid cells (monocytes, granulocytes, and dendritic cells). The CD200R family has paired activating and inhibitory isoforms.^\[[@R1],[@R2]\]^ CD200R on T-cells and B-cells inactivates leukocytes^\[[@R3]\]^ and CD200 expression is enhanced after immune system activation during the inflammatory response.^\[[@R1]\]^ Furthermore, CD200R1 signaling prohibits the expression of pro-inflammatory cascade components, including tumor necrosis factor, interferons, and inducible nitric oxide synthase in response to selected stimulation.^\[[@R4]\]^ CD200 also plays an important role in controlling autoimmunity and inflammation.

###### 

Tissue distribution of CD200 and CD200R1.
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CD200 and CD200R molecules are involved in the downregulation of myeloid and lymphoid cells. They have immunomodulatory effects, which regulate cell differentiation and cytokine release. The therapeutic potential of CD200/CD200R for the treatment of immune-associated diseases has been investigated.^\[[@R1]\]^ Previous studies have shown that overexpression of CD200 in transgenic mice decreases alloimmunity. These findings have potential clinical relevance, especially in transplantation studies.^\[[@R5]\]^ The strong inhibitory signals delivered to myeloid cells by CD200 represent interesting targets for therapeutic interventions.^\[[@R2],[@R6]\]^

Cytomegalovirus (CMV) and human polyomaviridae (BK) virus infections are the most common viral infections in patients undergoing kidney transplantation (KTx). These infections negatively affect graft function after transplantation.^\[[@R7]\]^ We reported previously that an up-regulation of immune responses, especially inflammatory cytokine production, occurs in allograft recipients with CMV and BK virus infections.^\[[@R8],[@R9]\]^ Because of the regulatory role of CD200R1 in multiple inflammatory pathways, many bacterial and viral pathogens use this pathway to suppress host defenses.^\[[@R4]\]^ Helminthic and bacterial infections induce CD200 receptor 1 (CD200R1) expression,^\[[@R10],[@R11]\]^ and inhibiting CD200/CD200R interactions has been suggested as a method to enhance immunotherapy.^\[[@R3]\]^ Interaction of CD200 with CD200R1 has an immunosuppressive effect and is an important factor in the hyporesponsive innate immune state after viral infection.^\[[@R12]--[@R18]\]^

The effect of CD200 and CD200R1 on organ transplantation outcome has been studied in animal experiments,^\[[@R15],[@R19]--[@R22]\]^ but has not been thoroughly explored in humans. This study investigated the impact of pre-operative CD200 and CD200R1 concentrations on post-operative outcomes in KTx recipients for the first time.

2. Materials and methods
========================

2.1. Study population
---------------------

We investigated 125 consecutive patients (between January 2010 and December 2011) with end-stage renal disease (ESRD) who underwent KTx in our center (Department of General, Visceral and Transplantation Surgery, University of Heidelberg). To determine whether serum CD200 and serum CD200R1 concentrations can predict post-transplant events, pre-transplant serum CD200 and serum CD200R1 concentrations were evaluated in all recipients (patient data were extracted from the university hospital database). CMV pp65 antigen in recipients who received organs from CMV-negative donors was evaluated during the first 6 post-operative months and once every year after that. Patients who received kidneys from CMV-positive donors were given CMV prophylaxis with 900 mg valganciclovir every day for 3 months. These patients were evaluated for CMV pp65 antigen once every week during the first 3 months after transplantation, twice per month between 4 and 6 months after transplantation, once every month between 7 and 12 months after transplantation, and 1 to 4 times every year after that. Post-operative immunosuppressive therapy varied according to the date of transplantation. Triple-drug therapy, including calcineurin inhibitor (cyclosporine or tacrolimus), methylprednisolone, and mycophenolate mofetil, was administered. The recipients were followed-up for at least 1 year, and post-transplant events including acute rejection (AR), delayed graft function (DGF), acute tubular necrosis (ATN), graft loss, and viral infections (CMV and BK virus) were evaluated. The study was carried out in accordance with the code of ethics of the world medical association (*Declaration of Helsinki*) for experiments involving humans. Informed consent was obtained from all patients enrolled in the study. Participation in the study did not affect the management or treatment plan. The study was approved by the Ethical Committee of the University of Heidelberg (S-225/2014).

2.2. Blood sample preparation and determination of CD200 and CD200R1 plasma concentrations
------------------------------------------------------------------------------------------

Blood samples were drawn from all recipients 1 day before the operation. Within 2 hours of blood sample collection, plasma was separated from cells by centrifugation at 1550×g for 10 minutes. Plasma was snap-frozen and stored at −30°C until testing. When 80 plasma samples were collected, CD200 and CD200R1 plasma concentrations were determined using ELISA kits (Cloud-Clone Corp., Houston, TX). All assays were performed according to the manufacturer\'s instructions.

2.3. Determining CMV (re)activation by CMV pp65 antigen detection
-----------------------------------------------------------------

To isolate leukocytes, approximately 8 ml of blood was collected in an EDTA tube. In a cytospin centrifuge, 500,000 leukocytes were carefully spun down on a slide. Cells were fixed and stained with an anti-CMV pp65 mouse monoclonal antibody, then washed and further incubated with an anti-mouse immunoglobulin G FITC-labeled antibody.^\[[@R23]\]^ Finally, slides were analyzed using ultraviolet microscopy, and CMV pp65 antigen-positive cells were counted. More than three CMV pp65-positive cells out of 500,000 cells were denoted as a positive CMV test result (CMV pp65+).^\[[@R24]\]^

2.4. Detection of active BK virus infection by a real-time polymerase chain reaction
------------------------------------------------------------------------------------

Nucleic acids were isolated from 200 μl of untreated plasma using a QIAamp kit (Qiagen, Hilden, Germany) according to the manufacturer\'s instructions. The large T-antigen in the BK virus genome was amplified and quantified using TaqMan real-time polymerase chain reaction. To quantify BK virus DNA, 5 μl of extracted nucleic acids were amplified as described previously.^\[[@R25]\]^ The detection limit was 50 copies/ml. A BK virus load of more than 10,000 copies/ml was considered an active infection.^\[[@R26]\]^

2.5. Quantification of post-transplant events
---------------------------------------------

AR was defined as a Banff 97 classification of grade IA or greater and was confirmed by renal biopsy.^\[[@R27]\]^ ATN was diagnosed by the presence of necrotic renal tubules in histological specimens. DGF was defined as the temporary need for one or more dialysis treatments in the first post-operative week. One-year graft loss refers to re-transplantation, transplant nephrectomy, or permanent dialysis during the first year after transplantation.

2.6. Statistical analysis
-------------------------

Statistical analysis was performed using IBM SPSS Statistics for Windows, Version 22.0 (IBM Corp., 2013, Armonk, NY). Categorical data are presented as proportions and percentages, and continuous data are presented as means ± standard deviations or as medians (range). Categorical data were compared using the chi-square test of association or Fisher exact test. The Mann--Whitney *U* test was used to compare continuous variables between groups. Univariate logistic regression analysis was performed to determine the association of CD200 concentration, CD200R1 concentration, CD200R1/CD200 ratio, with CMV (re)activation, duration of CMV infection, and with AR. Results of logistic regression are reported as odds ratios (OR) with 95% confidence intervals (CI). A 2-tailed *P* value of less than .05 was considered statistically significant.

3. Results
==========

3.1. Patient demographics and clinical data
-------------------------------------------

As shown in Table [2](#T2){ref-type="table"}, the mean age of recipients was 54.5±12.7 years, and 39.2% of recipients were female. Glomerulonephritis was the most common cause for ESRD (33.6% of recipients), and 92.8% of recipients underwent pre-operative dialysis for a mean duration of 70.9 ± 37.6 months. Multiple-organ transplantation was performed in 10.4% of recipients and re-transplantation in 12.0% of recipients. Biopsy-proven AR was detected in 63 (50.4%) recipients. Of them, 54 (43.2%) recipients experienced borderline rejection. Two (1.6%) recipients had humoral rejection, 3 (2.4%) recipients grade IA rejection, and four (3.2%) recipients grade IIA rejection. The rate of patients with CMV serostatus of donor positive/recipient negative was 20.8% (n = 26) in our collective. The rate of post-transplant CMV infection was not significantly higher in donor positive/recipient negative KTx patients (*P* = .321). CMV (re)activation was detected in 20.0% of recipients, and BK virus (re)activation in 10.4% of recipients after KTx. Detailed demographics and clinical data and outcome of KTx are presented in Table [2](#T2){ref-type="table"}.
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3.2. Predictive value of pre-operative CD200, CD200R1 concentrations, and CD200R1/CD200 ratio
---------------------------------------------------------------------------------------------

CD200 concentrations were not significantly associated with post-transplant CMV pp65+ (*P* *=* .33) and duration of CMV infection (*P* *=* .99) (Fig. [1](#F1){ref-type="fig"}A). However, a significant association was shown between pre-transplant CD200R1 concentrations and post-transplant CMV pp65+ (*P* *=* .041) (Fig. [1](#F1){ref-type="fig"}B). No association was shown between duration of CMV infection and CD200R1 concentrations (*P* *=* .87). Moreover, there was a significant association between CD200R1 concentrations and (re)activation of CMV infection in seropositive KTx recipients (CD200R1 (pg/ml) 638,126 (10,167--2,100,000) vs 33,127 (6,419--92,952), *P* *=* .027). There was no association between the CD200R1/CD200 ratio and CMV (re)activation (*P* *=* .37) (Fig. [1](#F1){ref-type="fig"}C) or duration of infection (*P* *=* .097) (Table [3](#T3){ref-type="table"}).

![Box plot of CD200 (A) and CD200R1 (B) concentrations and CD200R1/CD200 ratios (C) in KTx recipients with and without CMV (re)activation. Box plots of CD200 (D) and CD200R1 (E) concentrations and CD200R1/CD200 ratios (F) in KTx recipients with and without acute rejection (AR).](medi-98-e17006-g003){#F1}
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Furthermore, CD200 concentrations, CD200R1 concentrations, and CD200R1/CD200 ratios were not significantly associated with other post-transplant outcomes, including BK virus (re)activation, DGF, ATN, and graft loss.

To investigate the impact of pre-operative CD200 and CD200R1 concentrations, and CD200R1/CD200 ratios on post-transplant outcomes, univariate logistic regression analyses were performed. A cut-off of 320 (the median CD200 concentration) was set for CD200. High CD200 concentrations (\>320 pg/ml) were not significantly associated with CMV pp65+ and duration of CMV infection according to univariate logistic regression analysis (OR 1.691, 95% CI 0.694--4.124, *P* = .24, OR 0.643, 95% CI 0.117--3.526, *P* = .61, respectively). A cut-off of 35,000 (the median CD200R1 concentration) was set for CD200R1. High CD200R1 concentrations (\>35,000 pg/ml) were also not significantly associated with CMV pp65+ (OR 1.909, 95% CI 0.782--4.659, *P* = .15). CD200R1 concentrations more than 35,000 were associated with a longer duration of CMV infection (OR 6.000, 95% CI 1.003--35.908, *P* = .050). For CD200R1/CD200 ratios, a cut-off of 90 was set based on the results of previous studies. No association between CD200R1/CD200 ratios \>90 and CMV reactivation or duration of CMV infection was reported (OR 1.577, 95% CI 0.637--3.902, *P* *=* .32; OR 3.750, 95% CI 0.662--21.252, *P* *=* .13, respectively). Univariate analysis of association of CD200 concentrations, CD200R1 concentrations, and CD200R1/CD200 ratios with AR showed no significant association between AR and CD200 concentration (OR 1.000, 95% CI 0.999--1.001, *P* = .84) or CD200R concentration (OR 1.000, 95% CI 1.000--1.001, *P* = .23) (Fig. [1](#F1){ref-type="fig"}D and E). However, KTx patients with AR had higher CD200R1/CD200 ratios (Fig. [1](#F1){ref-type="fig"}F) than recipients without AR (median: 126 vs 78) (Table [3](#T3){ref-type="table"}); the univariate regression analysis revealed an association between CD200R/CD200 ratio and AR (OR 1.003, 95% CI 1.000--1.006, *P* = .028).

3.3. Effect of CD200 and CD200R concentrations and CD200R1/CD200 ratio on long-term graft function
--------------------------------------------------------------------------------------------------

High CD200 concentrations (\> 320 pg/ml) were not associated with 3- (1.9 ± 0.9 mg/dl vs 1.7 ± 0.8, *p* *=* 0.18) and 6-month (1.9 ± 0.8 mg/dl vs 1.7 ± 0.7, *P* *=* .10) serum creatinine levels. Similarly, no significant associations were seen between high CD200R concentrations (\>35,000 pg/ml) and 3- (1.8 ± 0.7 mg/dl vs 1.9 ± 1.0, *P* *=* .55) and 6-month (1.7 ± 0.8 mg/dl vs 1.8 ± 0.8, *P* *=* .74) serum creatinine levels. However, recipients with CD200R1/CD200 ratios \>90 had higher 3- (1.9 ± 0.9 mg/dl vs 1.7 ± 0.8, *P* *=* .021) and 6-month (1.9 ± 0.8 mg/dl vs 1.6 ± 0.6, *P* *=* .011) serum creatinine levels than patients with CD200R1/CD200 ratios ≤ 90.

4. Discussion
=============

The CD200R1/CD200 pathway down-regulates the inflammatory reaction. The interaction of CD200 with CD200R1 has an immunosuppressive effect, which has an important impact on hyporesponsive innate immunity after viral infections.^\[[@R12],[@R13]\]^ Previous experimental studies have shown that anti-CD200 antibodies have a positive impact on allograft survival after transplantation.^\[[@R17],[@R18]\]^ In the present study, the association between CD200 concentration, CD200R concentration, and the CD200R1/CD200 ratio with KTx outcome was investigated in a clinical setting for the first time. Increased CD200R1 concentrations were significantly higher in KTx patients with CMV infection. Furthermore, higher pre-transplant CD200R1/CD200 ratios were associated with the risk of AR and increased 3-month and 6-month creatinine levels after KTx.

CMV (re)activation is generally accompanied by CMV antigenemia/DNAemia, which suggests that bone marrow precursor cells are an essential reservoir of the latent virus.^\[[@R28]\]^ Despite anti-CMV prophylaxis in donor seropositive/recipient seronegative KTx recipients, the rate of CMV reactivation remains high.^\[[@R29]\]^ CMV infection is associated with monocyte/macrophage activation,^\[[@R30],[@R31]\]^ and we have previously shown that monocyte/T-helper cell 2 activation and a T-helper cell 1 blockade play a role in CMV reactivation.^\[[@R8],[@R9],[@R30],[@R32]\]^

Previous studies have suggested that some pathogens use the CD200/CD200R1 signaling pathway. Antiviral immunity comprises both humoral and cell-mediated immunity. Viruses such as CMV encode and express a viral CD200 homologue on the surface of host cells, and this viral CD200 homologue contributes to inhibition of the host immune system. However, the viral CD200 homologue has another effect on the host immune system at the onset of viral infections which can persist in their host.^\[[@R6],[@R33]\]^ Previous studies have described this reaction as viral escape through cytokine-mediated neoangiogenesis.^\[[@R1],[@R6]\]^ The initial activation of leukocytes at the site of infection in reaction to the virus enhances the dissemination of the pathogen throughout the infected host. The excessive inflammation observed in response to the infectious organism can be a great threat to the host. Vaine et al^\[[@R4]\]^ reported that anti-pathogen gene subgroups, which are suppressed through CD200R1 activation, may promote survival of the pathogen at the expense of the host.^\[[@R4]\]^ In agreement with this, the present study showed that higher CD200R1 plasma concentrations are associated with CMV (re)activation in KTx recipients. Previous studies have revealed that CD200R is involved in regulating lymphocyte activity, as well as regulating myeloid cell function.^\[[@R34]\]^ Rijkers et al studied both human and mice lymphocytes and reported highest CD200R expression in memory B-cells and plasma cells in peripheral blood.^\[[@R34]\]^ They have suggested that CD200R is involved in restraining the reactivation of effector or memory B-cells rather than affecting the activation of naïve B-cells. In the present study, higher CD200R1 concentrations were associated with increased (re)activation of CMV and longer duration of CMV infection.

Renal biopsy is the gold standard diagnostic tool for AR.^\[[@R35]\]^ However, the management of AR in KTx patients can be improved by rapid non-invasive predictive factors. The influence of the CD200/CD200R interaction on graft acceptance and graft rejection has been studied in animal models. CD200 and CD200R may play a critical role in kidney rejection and post-transplant outcomes. In animal models, CD200/CD200R signaling prevents allograft rejection.^\[[@R36]\]^ Yu et al^\[[@R5]\]^ showed that CD200R positively stimulated DCs, modulated alloimmune tolerance, and reduced natural killer cell activity in transgenic mice overexpressing CD200. Moreover, enhanced interleukin 10 and TGF-β production through CD200R increased the chance of graft acceptance. Gorczynski et al reported that CD200 can promote graft acceptance after binding to CD200R. They concluded that an intense inflammatory stimulus may disrupt immunoregulatory balance and graft loss in an accepted tissue allograft.^\[[@R37]\]^ Monocytes and macrophages have both pro- and anti-inflammatory roles. M1 and M2 monocytes/macrophages modulate the immune system through cytokine production.^\[[@R38]\]^ CD200R is mainly expressed on monocytes, granulocytes, and dendritic cells. Monocyte infiltration in kidney allografts is associated with a higher risk of rejection. Acute interstitial rejection is detected histologically by infiltration of leucocytes into the transplanted kidney.^\[[@R35],[@R39],[@R40]\]^ CD200 suppresses alloimmune and autoimmune responses through CD200R, which activates myeloid-derived suppressor cells.^\[[@R41]--[@R44]\]^ Contradictory to previous studies,^\[[@R18],[@R20],[@R21],[@R45],[@R46]\]^ Rygiel et al showed that an anti-CD200 antibody has an immunosuppressive effect in a mouse allograft transplantation model, which improved renal and cardiac graft survival.^\[[@R47]\]^ However, to the best of our knowledge, the association between the outcome of KTx and CD200R1/CD200 plasma concentrations has not been studied in a clinical setting. Our findings have revealed that higher pre-transplant CD200R1/CD200 ratios are associated with AR and increased serum creatinine levels after KTx.

The small sample size meant the present study did not have enough power to allow a multivariable analysis. As a result, residual confounding may have biased the results. Therefore, our novel observations on the association of CD200 and CD200R concentrations with KTx outcome should be validated in future prospective studies with large sample sizes.

5. Conclusion
=============

Higher pre-transplant CD200R1/CD200 ratios predict immunocompetence and AR, whereas high CD200R1 concentrations predict immunosuppression and severe post-transplant CMV infection. These results indicate that CD200 and CD200R are non-invasive predictors of post-transplantation outcome and can be used to modify patient monitoring, including renal biopsies, after KTx. This improved monitoring may reduce the rate of graft biopsies, thereby reducing the risk of biopsy-related complications. Adjusting the dose of immunosuppressants based on pre-transplant CD200 and CD200R1 concentrations may also reduce the risk of AR and CMV infection after KTx.
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